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  Dentro  de  los  enemigos  naturales  de  plagas  en  los  agroecosistemas, 
los  depredadores  han  sido  considerados  como  uno  de  los  grupos  de  mayor 












  En  el  primer  estudio  presentado,  se  reevalúa  la  importancia  de  la 











  Como  segundo  objetivo  se  planteó  identificar  en  otro  grupo  de 
plagas claves del  cultivo de clementinos,  cuáles  son  los  factores  limitantes y 
reguladores que no permiten que las poblaciones de estos fitófagos superen el 
umbral de daño económico. A través de un muestreo semanal de las poblaciones 
de  pulgones,  de  A. spiraecola y  A. gossypii,  y  de  sus  depredadores  asociados, 
como también de las observaciones fenológicas de los clementinos y utilizando 
información meteorológica de la zona, se evaluó la dinámica de los niveles de 
infestación  producidos  por  pulgones.  El  análisis  de  la  información  obtenida 




podrían  tener  el  papel  más  significativo.  Según  nuestros  datos  podemos 
considerar que, para que exista un buen control de las poblaciones de pulgones 













en  los clementinos  (A. spiraecola y A. gossypii) y se  identifican dos especies de 
micrococcinélidos (Scymnus subvillosus y S. interruptus) como sus depredadores 
más  abundantes  y  de mayor  relevancia,  en  un  tercer  objetivo  se  evaluó  en 
laboratorio y campo el efecto de estas presas sobre los parámetros de desarrollo, 
supervivencia y reproducción de estos depredadores. La información generada 

























behaviour have hindered  in many cases evaluating  its  true role as biological 





















crops of the Mediterranean basin. Populations of Aphis spiraecola and A. gossypii 
as  well  as  of  their  associated  predators  were  sampled  weekly.  Phenological 
changes  in  citrus  trees  were  also  observed.  Abiotic  variables  (temperature 
and precipitation)  influence was also taken  into account. The analysis of  the 
relationships between all these variables showed that the only factor able to 
limit  aphid  infestations  under Mediterranean  conditions  is  the  phenological 
state  of  their  host.  Nevertheless  citrus  phenology was  found  to  be  strongly 
mediated  by  temperature.  Results  also  confirmed  that  predators  are  an 
important  regulatory  factor  of  aphid  demography,  being  micrococcinellids 
the  only  natural  enemies  found  to  have  a  significant  role.  According  to  our 





of  these  key  pests  more  frequently  under  their  economic  thresholds  thus 
reducing the frequency of pesticide applications for their control.
  Because two species of aphids are registered as key pests in clementines 
(A. spiraecola and A. gossypii) and two species of micrococcinellids of the same 
genus (Scymnus subvillosus and S. interruptus) are identified as the most abundant 
and  important  aphid  predators,  in  a  third  objective  it  was  evaluated  under 
xvii
abstract
laboratory  and  field  conditions  the  effect  of  these  preys  on  the  parameters 
of  development,  survival  and  reproduction  of  these  predators  as well  as  on 






  In  conclusion,  the  present  thesis  reassess  the  role  of  predation  as  a 
regulating factor of key pests  in citrus agroecosystems and  inquires  into the 
ecological  and biological mechanisms  laying behind  the  success  and  failures 
of  this  important  biotic  mortality  component  of  citrus  phytophagous.  The 
results presented here strongly support the change of paradigm in biological 
control approaches which is being carried out in the last years, by highlighting 
the  importance of  understanding  the  ecological  context  on which biological 














simples  entre els depredadors especialistes  i  les  seues preses,  ja que aquests 



















  Com  a  segon  objectiu  es  va  plantejar  identificar  en  un  altre  grup 




com de  les observacions  fenológiques dels  clementins  i utilitzant  informació 











de  les  colònies  d’aquestes  plagues  i  que  els  depredadors  actuen  regulant  les 
seues poblacions. Per  tant, una estratègia de gestió del  cultiu que afavorisca 




  Com  que  es  registren  dues  espècies  de  pugons  com  a  plagues  clau 
en  clementins  (A. spiraecola  i  A. gossypii)  i  s’identifiquen  dues  espècies  de 
micrococcinélids (Scymnus subvillosus i S. interruptus) com els seus depredadors 
més  abundants  i  de  major  rellevància,  en  un  tercer  objectiu  es  va  avaluar 
en  laboratori  i  camp  l’efecte  d’aquestes  preses  sobre  els  paràmetres  de 
desenvolupament,  supervivència  i  reproducció  d’aquests  depredadors.  La 
informació generada en aquest estudi, proporciona indicis sobre les relacions 
entre  les  espècies  de  Scymnus  amb  les  espècies  de  pugons  que  es  troben  als 




  D’aquesta  forma,  la  present  tesi  reevalúa  el  paper  de  la  depredació 
com a factor regulador en les poblacions de les plagues clau a agroecosistemes 
de  cítrics  i  investiga els mecanismes ecològics  i  biològics que porten a  l’èxit 





de control biològic que  s’està duent a  terme en els últims anys, destacant  la 
importància  de  comprendre  el  context  ecològic  en  el  qual  es  desenvolupa 
el  control  biològic  i  descobrint  relacions  complexes  entre  tots  els  agents 
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  El  creciente  conocimiento  sobre  la  trazabilidad  de  los  productos 
fitosanitarios que se aplican en los cultivos para el control de plagas así como 
del impacto que producen sobre el medioambiente y la salud humana ha llevado 
al  aumento  de  sus  restricciones  de  uso  en  un mercado  cada  día más  global 
[(EC)  n°  1107/2009]  (Bale  et  al.,  2008;  Fabroni  et  al.,  2015).  A  nivel mundial, 
estas presiones han  impulsado  la  implementación de enfoques de gestión de 
plagas sostenibles y con un uso mínimo de de plaguicidas que resulten menos 













de  fitófagos  plaga,  haciéndolas  así  menos  perjudiciales  (DeBach  &  Rosen, 
1991; van Driesche & Bellows, 1996). A lo largo de las últimas décadas, el uso 
de  insecticidas  selectivos,  la  creación  de  infraestructuras  ecológicas  y  las 
evaluaciones  sobre el papel de  los enemigos naturales,  se han convertido en 
el  foco principal de  las  investigaciones relacionadas con  la gestión de plagas 
(Geiger et al., 2010; Tscharntke, 2012; Rusch et al., 2017).
1.2. Control Biológico y su aplicación
  Debido a que un alto porcentaje de plagas registradas en  los cultivos 
son  especies  invasoras,  históricamente  se  ha  considerado  que  los  enemigos 
naturales  utilizados  para  su  control,  deberán  provenir  del  mismo  lugar  de 
origen para que sean altamente efectivos (Hokkanen & Pimentel, 1984; Thomas 
&  Reid,  2007;  Van  Driesche  et  al.,  2010).  Además,  el  efecto  de  la  estrategia 




1982; DeBach & Rosen, 1991; Eilenberg et  al.,  2001; Cock,  2016).  El CB clásico 
incluye una serie de pasos o etapas sucesivas como la correcta  identificación 
taxonómica de la plaga, la selección del lugar donde se buscarán sus enemigos 









de  enemigos  naturales  sea  muy  complejo,  costoso  y  en  consecuencia,  cada 
vez  sea  menos  frecuente  la  utilización  de  esta  técnica  (Stiling,  1993;  Hill  & 
Greathead, 2000; Michaud, 2002; Jacas et al., 2006).
  Existen  otras  modalidades  de  control  biológico  que  pueden  suprimir 
temporalmente plagas de cultivos. Éstas se aplican por ejemplo en los cultivos 
anuales o estacionales, donde la utilización de enemigos naturales puede llegar 










naturales  introducidos  deben  ser  capaces  de  sobrevivir  a  las  condiciones 









en  estos  sistemas  de  cultivo  sea  muy  variable  y  poco  confiable,  aunque  no 
imposible.  En  general,  se  considera  que  el  control  efectivo  de  las  plagas  en 
ecosistemas empobrecidos como los agroecosistemas está asociado a enemigos 




redes  tróficas más  complejas,  que  incluyen  enemigos  naturales  especialistas 
y  generalistas  (Hassell  & May,  1986;  Symondson  et  al.,  2002;  Snyder  &  Ives, 








una  gran  variedad  de  enemigos  naturales  capaces  de  regular  el  crecimiento 
potencial de las poblaciones de especies fitófagas, sin la necesidad de introducir 













el  año 900 DC,  citricultores  chinos emplazaban nidos de  la hormiga  tejedora 
Oecophylla smaragdina  F.  en  campos  de  cultivo  de  naranjos  para  reducir  las 
poblaciones de insectos que se alimentaban de las hojas (DeBach & Rosen, 1991; 
Peng et al., 1995).
1.3. Tipos de enemigos naturales
  Cuando  se  habla  de  enemigos  naturales,  se  identifican  tres  tipos: 
(1)  parasitoides,  cuyas  hembras  ponen  sus  huevos  en  o  sobre  un  huésped, 
las  larvas  eclosionan  y    se  alimenta  de  dicho  huésped  quien  muere  en  el 
proceso de desarrollo  (Figura 1.1);  (2) depredadores, que atacan, matan y se 
alimentan de más de un individuo (la presa) a lo largo de su vida (Figura 1.2); y 
(3) entomopatógenos,  son microorganismos que viven y  se alimentan de  su 

















Figura 1.1 Parasitoide, Aphytis 
melinus DeBach (Hymenoptera: 
Aphelinidae).
  Dentro  de  los  depredadores  se  encuentran  especies  de  los  órdenes 
Dermaptera,  Mantodea,  Hemiptera,  Thysanoptera,  Coleoptera,  Neuroptera, 




como  es  el  caso  del  coccinélido  Rodolia cardinalis  (Mulsant)  (Coleoptera: 
Coccinellidae), que se alimenta casi exclusivamente de la cochinilla acanalada, 




de  pulgones  que  suelen  ser  considerados  como  estenófagos,  es  decir,  que 
se  alimentan  de  una  diversidad  limitada  de  presas.  Como  contrapartida, 
encontramos depredadores muy generalistas como las larvas de crisopas que 





  Los  depredadores  especialistas,  o  al  menos  estenófagos,  han  sido 
tradicionalmente el objeto de  las  introducciones de control biológico clásico, 
sobre  todo  en  el  caso  de  plagas  exóticas  y  cultivos  exóticos  (van  Driesche 
&  Bellows,  1996;  Dixon  &  Dixon,  2000).  En  cambio,  se  consideraba  que  los 
depredadores  generalistas  eran  más  adecuados  para  el  control  de  plagas 
nativas en plantas nativas. Esta visión  lineal viene cambiando en  los últimos 
años  donde  estudios  más  complejos  de  interacciones  tróficas  han  revelado 







  Para  que  un  grupo  de  enemigos  naturales  sea  considerado  efectivo 
debería tener (a) una capacidad de colonización rápida para poder responder al 
ritmo de las fluctuaciones temporales y espaciales de sus presas; (b) persistencia 
temporal  que  permita  al  depredador  mantener  su  número  cuando  las 
poblaciones de plagas disminuyen; y (c) hábitos de alimentación oportunistas 
que  permitan  al  depredador  explotar  rápidamente  un  recurso  alimentario, 






















1.4. Evaluación de la importancia de los depredadores 
  En general,  la evaluación de  la acción de  los depredadores a nivel de 
campo es difícil, ya sea por la movilidad en la búsqueda de sus presas, por la 
hora del día en que realizan esta acción, como también porque su acción en 
muchas  ocasiones  no  deja  evidencias  (Urbaneja  &  Jacas,  2004).  Por  lo  cual, 





indirectas.  Los  métodos  indirectos  para  cuantificar  el  impacto  de  los 
depredadores sobre la población de una plaga están basados en la comparación 











la  plaga  entre  parcelas  testigo  y  parcelas  similares  donde  se  ha  liberado del 






  La  forma  de  cuantificar  el  efecto  de  los  depredadores  es  elaborando 
tablas de vida de las plagas. Éstas permiten comparar la mortalidad atribuible 




  Los  diseños  de  exclusión  permiten  cuantificar  la  acción  de  los 
depredadores  pero  no  son  informativos  sobre  qué  especies  pueden  estar 
involucradas como factor de mortalidad de la plaga que se está estudiando. Otra 





visuales  insuficientes  si  se  quiere  determinar  el  complejo  de  depredadores 












dentro del  complejo de  redes  tróficas.  La  aplicación de  estos  estudios puede 
implicar  técnicas  simples  como  la  disección  e  identificación  visual  de  las 
presas,  que  ha  sido  practicada  desde  finales  del  siglo  XIX  en  carábidos  y 
coccinélidos, hasta técnicas altamente sofisticadas utilizando la identificación 
de ADN especifico de las presas por medio del uso de PCR o técnicas como la 
secuenciación  masiva  (Gómez-Polo  et  al.,  2015).  La  detección  de  presas  por 
medio  de  PCR  involucra  el  diseño  de  cebadores  específicos  que  permiten 


















(NGS)  pueden  ser  utilizadas  cuando  se  pretende  encontrar  relaciones  más 
complejas sobre las redes tróficas, ya que son capaces de detectar las fuentes 
de  alimentación  alternativas  o  la  depredación  intragremial  aportando  un 
conocimiento más amplio sobre la dieta de los depredadores (Wirta et al., 2014; 
Gómez-Polo et al., 2015).
1.5. Factores que regulan y limitan las poblaciones de plagas
  Los  organismos  vivos  se  ven  afectados  por  factores  ambientales  o 
ecológicos  que  actúan  directamente  sobre  los  mismos,  limitando  su  tamaño 










por  la  humedad,  lluvia,  viento,  insolación  y  fotoperíodo,  se  considera  que  la 
temperatura se destaca dentro de estos factores, ya que influye en los límites de 






(Herms,  2004).  Además  de  las  características  propias  de  la  especie  o  variedad 
vegetal, tiene gran relevancia el estado nutricional y fisiológico de la planta, que 
junto con las condiciones climáticas determinan el desarrollo de los diferentes 
estados  fenológicos  de  las  plantas.  Por  lo  cual,  la  capacidad de  colonización y 
desarrollo de una plaga dada, está relacionada con la disponibilidad de alimento 
que  proporciona  su  hospedero,  en  consecuencia  con  el  estado  fenológico  de 
la  planta  (Walker  et  al.,  1990; Herms,  2004). Muchas  especies  de  plagas,  como 




  Una  vez  establecido  un  fitófago  en  una  planta,  son  los  factores 
reguladores  quienes  determinan  el  crecimiento  o  muerte  de  su  población. 
Las  interacciones  con  otros  organismos  de  la  misma  o  diferente  especies 






son  suficientemente  abundantes  (espacio,  alimento,  etc.),  las  poblaciones 




Pero  se  considera  que,  los  factores  de mortalidad  que  regulan mayormente 
















1.6. Efecto nutricional de las presas sobre los depredadores














Evans  et  al.,  1999; Nielsen  et  al.,  2002).  La presa  esencial  apoya  el  desarrollo 
y  la  reproducción, mientras que  la presa alternativa permite que  los adultos 
sobrevivan  cuando  la  presa  esencial  es  escasa  (Evans  et  al.,  1999;  Hodek  et 
al.,  2012).  En  general,  el  crecimiento,  la  supervivencia  y  la  reproducción del 
depredador  son mejores  cuando  se  crían  en presas  esenciales. Además de  la 
calidad nutricional, numerosos factores pueden influir aún más en la elección 
de  las  presas.  Los  mecanismos  de  defensa  de  presas  (Dixon  &  Dixon,  2000; 
Agarwala & Yasuda, 2001), los compuestos adquiridos de sus plantas huéspedes 






considerados  cuando  se  evalúan  las  presas  asociadas  a  los  depredadores. 
Aunque  los  estudios  de  laboratorio  rara  vez  incluyen  todos  estos  aspectos, 
pueden proporcionar una indicación de la preferencia de las presas y la calidad 
nutricional. La idoneidad de una especie de presa puede evaluarse evaluando 











1.7. Control biológico en cultivos de cítricos
  Los  servicios  brindados por  los  enemigos naturales  bajo  el marco de 
control  biológico  por  conservación  son  cada  vez  más  utilizados  en  cultivos 






naturales,  sin  embargo,  aún  son  escasos  los  conocimientos  generados,  sobre 
todo  si  consideramos  que  dentro  de  los  países  productores  de  cítricos  en  la 
región Mediterránea,  se  registran más  de  140  especies  de  plagas,  dentro  de 
las  cuales  108  incluyen  insectos  (Jacas  &  Urbaneja,  2010;  Jacas  et  al.,  2010; 
Tena  &  García-Mari,  2011).  No  todas  estas  especies  son  plagas  claves  en  el 
cultivo, solamente algunas especies de artrópodos como la mosca de  la  fruta 
Ceratitis capitata (Wiedemann) (Diptera: Tephritide), el piojo rojo de California 
Aonidiella aurantii  (Maskell)  (Hemiptera:  Diaspididae)  (Figura 1.5),  la  araña 
roja  Tetranychus urticae  Koch.  (Acari:  Tetranychidae)  en  clementinos  y  los 
pulgones Aphis spiraecola Patch (Figura 1.6) y A. gossypii Glover (Figura 1.7) en 
clementinos y plantas jóvenes son las de mayor importancia y es sobre las que 












  Para  un  país  como  España,  donde  la  mayor  parte  de  la  producción 
de cítricos se exporta para consumo fresco, el mayor desafío es ser capaz de 
proporcionar  un  producto  sin  daños  (incluidos  los  meramente  cosméticos) 




producto  con un mínimo de  residuos de pesticidas,  que debe  ir  acorde  a  las 
demandas  del  mercado  internacional  junto  con  la  nueva  Directiva  Europea 
2009/128 / CE que regula el uso de pesticidas. Toda esta situación, colocan a 
la industria citrícola española en una posición inmejorable para implementar 
programas  de  Gestión  Integrada  de  Plagas  (GIP)  en  toda  la  zona  (Urbaneja 






1.8. Justificación y objetivos
  Históricamente, cuando se habla de control biológico se considera que 
las redes tróficas entre los herbívoros plagas y sus enemigos naturales en los 











  Uno de  los fitófagos clave del cultivo de  los cítricos, y en especial en 
clementinos, son los pulgones. Numerosos estudios sobre este grupo de fitófagos 
plaga nos permiten saber que la densidad de sus poblaciones está fuertemente 
modulada  por  variables  ambientales,  como  la  temperatura,  así  como  la 
abundancia y calidad de los brotes de sus huéspedes y los enemigos naturales 
asociados. Sin embargo, no hay  información sobre cómo todos estos  factores 
limitantes  y  reguladores  influyen específicamente  en  el  grado y  el  potencial 
de las infestaciones de los pulgones en los cítricos en la cuenca Mediterránea. 










  Finalmente,  para  poder  comprender  mejor  la  relación  de  los 
depredadores  con  sus  presas  dentro  de  las  redes  tróficas,  es  importante 
saber  cómo  la  calidad  y  el  tipo  de  presas  que  consumen  afectan  su  fitness. 
Debido  a  que  las  presas  esenciales  apoyan  el  desarrollo  y  la  reproducción, 
en el tercer objetivo  se evaluará en laboratorio el efecto de  las dos especies 
de  pulgones  más  abundantes  en  clementinos  de  la  Comunidad  Valenciana, 
Aphis spiraecola  y A. gossypii,  y  la mezcla  de  ambas,  sobre  los  parámetros  de 
desarrollo,  supervivencia  y  reproducción  de  dos  especies  de  coccinélidos, 
Scymnus subvillosus  y  S. interruptus,  que  son  las  especies  de  coccinélidos 
afidiófagos más abundantes en la cuenca Mediterránea. 
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Abstract
  Biological  control  has  historically  given  a  simplified  trophic  view  of 
relationships between herbivores  and  their natural  enemies  in  agroecosystems. 
In recent decades even though studies illustrating complex interactions between 
distinct  trophic  levels  have  become  more  important,  a  reductionist  vision  of 
biological control, in which its success or failure is mostly attributed to a few key 
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ranged  between  51%  and  97% during  the  three  pest  generations  of  the  season. 
Aonidiella aurantii DNA was  detected  in  gut  contents  of  11  species  of  predators. 
Generalist  and  stenophagous  predators, mainly  associated  to  other  citrus  pests 
such as aphids, proved  to be  the most relevant biological control agents of  this 
pest, especially during its first generation which unveiled an apparent competition 
between  key  citrus  pests.  Specialist  predators  only  appeared  to  significantly 
contribute to A. aurantii regulation at the end of the season. Results herein presented 
illustrate how regulation of key herbivores in perennial crops is mediated through 




predator  assemblages,  integrated  pest  management,  apparent  competition, 
citrus, California Red Scale






environmental  and  human  health  concerns.  Globally,  these  pressures  have 
driven  the  implementation  of  less  aggressive  pest management  approaches, 
such as biological control (BC) strategies in agriculture (Tscharntke et al., 2012). 
Conservation  and  use  of  resources  offered  by  agroecosystems  is  currently 
considered to be the most promising strategy for sustainable pest management 
in  perennial  crops  (Rusch  et  al.,  2017).  For  example,  habitat  management 





  Predators  have  always  been  highly  valued  as  natural  enemies  in 
agriculture.  However,  their  complex  biology  and  ecology  has  frequently 
hindered  assessment  of  their  true  role  as  BC  agents  (Riechert  &  Lockley, 




















  Indirect  methods  offer  the  opportunity  for  assessing  the  impact 
of  predators  on  the  population  of  a  particular  pest  both  quantitative  and 
qualitative ways without directly  interfering with  the  event. Quantifications 
are  mostly  based  on  comparisons  between  pest  densities  in  the  presence 
or  absence  of  the  predators  (Grant  &  Shepard,  1985;  Harwood  &  Obrycki, 
2005).  Exclusion of natural  enemies have been achieved with pesticides  that 
selectively affect them and not the target pest (pesticide exclusion design) and 
with experimental units (cages) that physically protect the pest from natural 
enemy  attack  (exclusion  cage  design)  (Luck  et  al.,  1988; Monzó  et  al.,  2014). 
Predator gut-content  studies permit  the  identification of  components of  the 
predator  guild  that  are  actually  contributing  to  the  predation  of  the  target 
pest (Grant & Shepard, 1985; Symondson et al., 2002). Among all the existing 
post-mortem  techniques,  prey  DNA  detection  by  polymerase  chain  reaction 






information  on  trophic  interactions  that  may  otherwise  be  challenging  to 
acquire (Agustí et al., 2003; Sheppard et al., 2005; King et al., 2008; Monzó et al., 
2011).
  Citrus  are  perennial  crops  with  high  potentials  to  maintain 
agroecosystem  functions  and  services.  Not  surprisingly,  modern  biological 
control  research  in  agriculture  began  in  this  crop  (Debach  &  Rosen,  1991). 
The  high  stability  of  citrus  agroecosystems  allows  the  harboring  of  rich 
complexes of natural enemies with the potential to keep most of the associated 
phytophagous species under economic injury levels, probably through complex 
ecological  interactions  (Ciancio & Mukerji,  2010). Despite  this,  there  are  few 
research  projects  aimed  at  disentangling  the  trophic  relationships  between 
these phytophages and  their potential natural enemies  (Gómez-Marco et al., 
2016;  Pérez-Sayas  et  al.,  2015).  The  success  or  failure  of  BC  has  commonly 
been attributed to the role of a reduced number of specialist natural enemies 
(Murdoch et al., 2005; Pekas, 2010; Sorribas & García-Marí, 2010).
  There  is  a  minority  group  of  phytophagous  species  associated 
with  citrus  that  can  escape  the  satisfactory  regulation  exerted  by  their 
natural  enemies;  whose  control  then  relies  mostly  on  the  use  of  pesticides 









scale  parasitoids  of  Aphytis genus  (Hymenoptera:  Aphelinidae)  and  to  some 
specialist  coccinellid  species  such  as  Chilocorus bipustulatus (Linnaeus,  1758), 
Rhyzobius lophanthae (Fabricius, 1787), and Coccidophilus citricola (Brèthes, 1905) 
(Hattingh & Samways, 1992; Murdoch et al., 2005; Sorribas & García-Marí, 2010). 
Conservation and augmentative strategies for these natural enemies have been 
developed  and  implemented  in numerous  citrus  growing  areas  of  the world 
(Vanaclocha et al., 2011; Dao et al., 2017). Some indigenous generalist predators 









and  ii)  assessed  the  relative  importance  of  its  potential  predators  through 
post-mortem evaluations  based  on  prey  DNA  detection  in  the  gut  content  of 
predators.
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2.2. Materials and methods
2.2.1.  Contribution of predation as A. aurantii mortality factor 
 2.2.1.1. Location and experimental conditions
Experiments were conducted in two citrus orchards in the region of Valencia, 
Spain;  one  in  Moncada  (39°35’17.43”N  /  0°23’53.28”O;  0.18  ha)  and  one  in 
Algimia  (39°42’55.11”N  /  0°18’57.46”O;  0.25  ha),  during  the  2014,  2015,  2016 






from  a  laboratory  colony  reared  on  lemons  at  the  Instituto  Valenciano  de 
Investigaciones Agrarias,  IVIA  (Valencia,  Spain). This  colony was  initiated  in 
1999 from scale insects collected in citrus fields of Alzira (Valencia, Spain). New 







 2.2.1.3. Exclusion studies
  The  contribution  of  predation  as  a  mortality  factor  of  A. aurantii  in 
citrus was assessed through exclusion techniques. Experiments were replicated 
twelve times: in each orchard, one at each of the three annual A. aurantii field 





during  the 1st generation). Females  from the  IVIA colony were synchronized 
by  infesting between 100-125  lemons 50 days prior  to  the field experiments; 
during this period the  females were maintained at 27° C and 75% HR. Under 
these  conditions,  females  were  expected  to  reach  maturity  just  before  the 
onset  of  each  experiment.  In  each  orchard,  10-13  trees  with  no  A. aurantii 
present were randomly selected and four fruit and/or leaves, one per cardinal 
orientation  were  chosen  to  initiate  the  artificial  cohorts.  Lemons  hosting 
gravid females from the IVIA colony were attached to the field selected fruit 
and/or leaves with adhesive tape and left for three days to facilitate first instar 
nymph  (crawlers)  infestation.  In  each  orchard  45  colonies  per  plant  organ 
(fruit  or  leaves),  containing  between  10  and  30  recently  adhered A. aurantii 
first instars, were selected and randomly assigned to the following treatments: 
i)  ‘predation’  (colonies  exposed  to  natural  enemies),  ii)  ‘exclusion’  (colonies 
protected from natural enemies with a 45 x 20 cm muslin bag), and iii) ‘semi-
exclusion’  (colonies  covered with  a muslin  bag  opened  in  one  end  to  allow 






left  in  the field until  females  reached adult  stage  (42-60 days). At  this point, 
leaves  and/or  fruit hosting  the  cohorts were  removed  from  trees  and  taken 




2.2.2.  A. aurantii predatory agents and their relevance
 2.2.2.1. Sampling for predators 
  To identify the arthropod predatory species associated with A. aurantii 
biotic mortality  and  to  estimate  their  relevance,  the  species  present  in  the 
study citrus groves  in each A. aurantii generation were monitored weekly by 
stem-tap  sampling  from  the beginning  to  end of  the  exclusion experiments. 
Stem-taps  consisted  of  striking  eight  randomly  selected  branches  (two 
per  cardinal  orientation)  of  10  to  13  trees  adjacent  to  those  chosen  for  the 
exclusion trials with a PVC pipe three times. Arthropod predatory specimens 
collected in a 45 x 30 cm plastic tray placed under the stricken branches were 













 2.2.2.2. Aonidiella aurantii specific primer design
  Total  DNA  was  extracted  from  three  A. aurantii  individuals  of 
IVIA’s  colony  following  a  modified  Salting  Out  protocol  (Monzó  et  al., 
2011).  DNA  was  then  amplified  by  PCR  (Polymerase  Chain  Reactions)  using 
the  universal  primers  for  the  mitochondrial  gene  cytochrome  c  oxidase 
subunit  1  (COI)  LCO1490:  5’-GGTCAACAAATCATAAAGATATTGG-3’  and 
HCO2198:  5’-TAAACTTCAGGGTGACCAAAAAATCA-3’  (Folmer  et  al., 1994).  PCR 
amplifications were performed  in  20 µl  reaction volumes  containing:  1 µl  of 
DNA  from  the  A. aurantii  ´s  extraction,  2  µl  buffer  (10x  Standard  Reaction, 






Clean-up; Macherey-Nagel)  and  sent  to  Institute  of Molecular  and  Cellular 
Biology of Plants (IBMCP, Valencia, Spain) for sequencing. Aonidiella aurantii 
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 2.2.2.3. Amplification conditions






















 2.2.2.5. Field samples
  Stored  material  from  the  exclusion  studies  (see  section  ‘Sampling of 
predators’) was used for the post-mortem evaluations. The most abundant predator 
species  and A. aurantii  specialist  predator  species  cited  in  the  literature were 
selected (Hattingh & Samways, 1992; Vanaclocha et al., 2011). Prior to the DNA 







2.2.3.  Statistical analysis
  Aonidiella aurantii  recovered  at  the  end  of  each  experiment  were 
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natural  enemies,  was  considered  to  be  the  natural mortality.  Differences  in 
A. aurantii  mortality  (dependent  variable)  between  seasons  (year  1  and  2), 







locations  and  plant  organs  (fixed  effects)  on  A. aurantii  corrected  mortality 





group  (Araneae,  Coleoptera,  Dermaptera,  Hemiptera,  and  Neuroptera) 
(dependent variables), monitored through stem-tap sampling, were evaluated 

























‘generation’  was  also  included  as  a  fixed  factor.  Normal  distribution  of  the 
variables  was  assumed  based  on  Akaike  and  Bayesian  information  criteria. 
Goodness-of-fit of each model was used to check whether ‘relevance’ was able 
to explain better A. aurantii mortality than ‘abundance’.








2.3.1.  Contribution of predation as A. aurantii mortality factor 
  According to the degree-day model the three A. aurantii generations 
were  predicted  to  reach  of  their  maximums  at  the  following  dates:  first 
generation:  10/06/2015  and  12/06/2016;  second  generation:  29/07/2014 
and  27/07/2015;  and  third  generation:  16/09/2014  and  18/09/2015  (SS2.1). 
Exclusion trials were therefore set at those dates as indicated in table 2.1. 
  Overall  652  A. aurantii  cohorts  were  used  for  this  study;  216  in  the 
‘exclusion’  treatment,  208  in  ‘semi-exclusion’  and  228  in  the  ‘predation’ 
treatment. Mortality found in the cohorts under exclusion (natural mortality) 
ranged around 60% (fig. 2.1). No differences within this treatment were found 
between generations (F = 1.48; df = 2, 210; P = 0.231), seasons (F = 0.10; df = 1, 










‘exclusion’;  the  ‘semi-exclusion’  treatment  presented  A. aurantii  mortality 
levels between  those  found  in  the other  two  treatments  (fig. 2.1). Mortality 
attributed to parasitism accounted for less than 3% and 6% of all mortality in 
the ‘semi-exclusion’ and the ‘predation’ treatments respectively. 
  Corrected mortality owing to predation of A. aurantii, on the other hand, 
ranged between 51% and 97% throughout the study. No differences in corrected 





Sites Season Generation Establishment date Ending date Exposure time (days)
Moncada 1 1 3-jun.-2015 15-jul.-2015 42
2 5-ago.-2014 16-sep.-2014 42
3 3-oct.-2014 2-dic.-2014 60
2 1 4-jun.-2016 27-jul.-2016 53
2 29-jul.-2015 17-sep.-2015 50
3 2-oct.-2015 26-nov.-2015 55
Algimia 1 1 1-jun.-2015 13-jul.-2015 42
2 8-ago.-2014 19-sep.-2014 42
3 1-oct.-2014 2-dic.-2014 62
2 1 7-jun.-2016 28-jul.-2016 51
2 31-jul.-2015 16-sep.-2015 47
3 1-oct.-2015 26-nov.-2015 56
Table 2.1 Calendar for the exclusion trials conducted during the three A. aurantii generations, at 
two locations and two different seasons. Establishment dates of the experimental units, ending 
dates of each trial and exposure time of cohorts in the field are displayed.
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to  predation  of A. aurantii calculated 
by  the Henderson and Tilton  formula: 
A) in different plant organs; B)  in  the 
two  study  sites;  C) between  seasons. 








2.3.2.  Aonidiella aurantii predatory agents and their relevance 
 2.3.2.1. Aonidiella aurantii predators 
  More  than  10,000  specimens  of  potential  A. aurantii  predators  from 





family;  it  represented 34% of all  specimens. Only 5 Hemipteran species were 
found, but they accounted for 18.6% of all the predators captured. Neuroptera 
and  Dermaptera were  the  least  captured  and  diverse  groups  accounting  for 
only 7% and 0.4% of captures; 4 and 2 species, respectively.
Figure 2.3 Corrected mortality presumed to be due to predation of A. aurantii calculated by the 
Henderson and Tilton formula in the three generations of A. aurantii. Different letters indicate 
significant differences between treatments (Tukey’s test, P < 0.05).




were  found for any of  the taxonomic groups between seasons  (table 2.2).  In 
general, predators were more  frequently  found  in Moncada  than  in Algimia; 
with  differences  between  taxonomic  groups.  Araneae  and  Hemiptera  were 
more frequently found in Moncada than in Algimia; whereas the contrary was 
observed  for  Coleoptera,  Neuroptera  and  Dermaptera.  Predators  were  most 
frequently found during the first A. aurantii generation with further differences 
between taxonomical groups. Coleoptera and Hemiptera were most frequently 
found  during  the  first  A. aurantii  generation,  whereas  Araneae  was  mostly 
captured during the last generation. No differences between generations were 
found for Dermaptera and Neuroptera captures. 
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 2.3.2.3. Primer design, sensitivity and cross-reactivity
Sequenced  Aonidiella aurantii  COI  fragments  were  accessed  in  the  GenBank 
database  (accession number: MH384792).  The CRSCOI primer pair  (CRSCOIF1 




to  be  predators  and  30  as  potential  target  prey),  no  amplicon  was  found 
except  in  two  A. aurantii  closely  related  species  of  the  Diaspididae  family: 
Aspidiotus nerii and Chrysomphalus aonidum (SS2.3).
 2.3.2.4. Relevance of A. aurantii predators
 Aonidiella aurantii  DNA  was  detected  in  the  gut  content  of  11  of 
the  21  predatory  species  from  the  1,676  specimens  analyzed  (table 2.4). 
Pilophorus cf gallicus had the highest proportion of positive detections followed 
by  R. lophantae, S. aleyrodiformis  and  S. interruptus.  Fewer  positive  detections 
were obtained  from C. mildei  and S. subvillosus specimens.  Positive detections 










were sporadic in C. carnea, P. cespitum, B. chalybeus, R. cardinalis and I. hamatus 
(less than 2% of all the specimens tested).
Species
Specimens analyzed % Positives
1 2 3 Total 1 2 3 Total
Pilophorus cf gallicus 40 38 27 105 45 57.89 92.59 61.90
Rhyzobius lophantae 10 2 14 26 40 0 21.43 26.92
Semidalis aleyrodiformis 19 37 40 96 10.53 10.81 17.50 13.54
Scymnus interruptus 40 40 40 120 0 10 15 8.33
Cheiracanthium mildei 40 40 40 120 0 10 5 5
Scymnus subvillosus 40 27 24 91 10 0 0 4.40
Chrysoperla carnea 40 40 33 113 2.50 0 3.03 1.77
Philodromus cespitum 40 40 40 120 0 0 5 1.67
Ballus chalybeus 36 28 34 98 0 3.57 0 1.02
Rodolia cardinalis 40 40 38 118 2.50 0 0 0.85
Icius hamatus 40 40 40 120 0 2.50 0 0.83
Stethorus punctillum 27 35 40 102 0 0 0 0
Coccidophilus citricola 0 1 3 4 0 0 0 0
Chilocorus bipustulatus 0 1 1 2 0 0 0 0
Cryptolaemus montrouzieri 11 34 27 72 0 0 0 0
Conwentzia psociformis 7 7 21 35 0 0 0 0
Orius laevigatus 32 16 40 88 0 0 0 0
Cardiastethus fasciiventris 27 27 30 84 0 0 0 0
Forficula auricularia 12 7 6 25 0 0 0 0
Euborellia annulipes 7 4 8 19 0 0 0 0
Philodromus albidus 40 40 38 118 0 0 0 0
TOTAL 1,676
Table 2.4 Total number of predatory arthropods analyzed per A. aurantii generation and proportion 
of positive A. aurantii DNA detections by gut-content PCR analysis.
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  According  to  predator  abundance  and  subsequent  PCR  positive 
detections of  gut  contents, A. aurantii  predator  assemblage was  estimated  to 
be most  relevant  to A. aurantii  biological  control  during  the first  generation 
and least in the second generation (table 2.5). Nevertheless, differences were 
found  between  predatory  groups.  The  two most  relevant  predatory  groups, 
Hemiptera  (Miridae)  and  Coleoptera  (Coccinellidae) were most  important  in 
the first A. aurantii generation. Hemiptera, most relevant Order, decreased its 
relevance  throughout  the  season. On  the other hand Coleoptera  importance 
reduced as an A. aurantii mortality factor after the first generation; there were 
no  differences  between  the  second  and  the  third  generations.  Neuroptera 
significantly increased its relevance as the season went on. Spiders presented 
low and variable relevance between generations.
Generation Araneae Coleoptera Hemiptera Neuroptera Total predators
1 0.04 ± 0.01b 0.31 ± 0.02a 1.87 ± 0.14a 0.02 ± 0.01b 2.20 ± 0.12a
2 0.08 ± 0.02a 0.20 ± 0.02b 0.46 ± 0.06b 0.03 ± 0.01b 0.79 ± 0.07b
3 0.05 ± 0.02ab 0.20 ± 0.02b 0.25 ± 0.04c 0.11 ± 0.02a 0.64 ± 0.06ab
F – value 2.13 9.84 96.77 10.2 89.76
dF 2, 778 2, 778 2, 778 2, 778 2, 778
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Figure 2.4 Relative abundance and estimated relevance of A. aurantii predators out of the most 


















  Our  results  present  a  very  different  view  of  the  demographic 
regulation  of  this  herbivore  than Murdoch  et  al.  (2005)  modeled  in  citrus 
agroecosystems of California. In that system, A. aurantii populations rapidly 
reached  temporal  stability,  maintaining  their  populations  well  below 
their  economic  injury  levels.  These  authors  attributed  this  demographic 
equilibrium to the single  interaction between A. aurantii and the parasitoid 
Aphytis melinus DeBach  (Hymenoptera: Aphelinidae), and conclude  that this 
interaction  was  purely  mediated  through  life-history  and  physiological 
properties of only these two species. Demographic stability was consequently 
reached  locally  in  each  tree  without  the  influence  of  metapopulations  of 
both species. In the Western Mediterranean basin, the relationship between 
A. aurantii  and  A. melinus  has  been  widely  studied,  but  the  stability  in  the 
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parasitoid-host  system  described  by Murdoch  et  al.  (2005)  has  never  been 
achieved (Asplanato & García-Marí, 2001; Vanaclocha et al., 2011; Tena et al., 




associated  to  Mediterranean  citrus  agroecosystems  is  probably  the  other 
main difference between our  system and  that presented by Murdoch et  al. 
(2005)  in  which  trophic  relationships  were  strongly  simplified  to  just  one 
herbivore species and one natural enemy. As observed in the present study 
A. aurantii demographic regulation  in Mediterranean citrus agroecosystems 
may  alternatively  be  achieved  through more  complex  trophic  interactions 
between this herbivore and a guild of specific and generalist natural enemies. 
  Natural  enemies-exclusion  techniques  permitted  satisfactorily 
discrimination between biotic and abiotic A. aurantii mortality. The exclusion 
experimental  units  did  not  have  a measurable micro-environmental  effect 
on  either  the  cohorts  or  the  plant  organs  on which  they were  established 
that  could  significantly distort A. aurantii mortality  values. The differences 









 Aonidiella aurantii  mortality  attributed  to  predation  may  be 
overrepresented  owing  to  the  difficulty  to  discriminate  between mortality 
caused by predation and that resulting from sampling and host-feeding of the 








































  Stem-tap  sampling  revealed  an  abundant  complex  of  potential 
A. aurantii  predators  present  in  citrus  agroecosystems  during  the  pests 
generations. Nevertheless, some groups such as phytoseiid mites, dipterans, 
thrips  as  well  as  predator  species  with  nocturnal  activity  that  could  also 
contribute to A. aurantii mortality (Vanaclocha et al., 2011; Campos-Rivela et 






this methodology  and  therefore,  specific  sampling  for  these  groups would 
have been required to determine their impact on A. aurantii mortality.
  The  most  frequently  found  natural  enemy  species  during  the 
A. aurantii  first  generation  are  mainly  associated  to  citrus  aphids  (Ciancio 
& Mukerji,  2010). The first A. aurantii  generation  coincides with  the  end of 
aphid infestations which is during the first and major citrus flushing period 
of the year (Gómez-Marco et al., 2016).  In fact, stenophagous Coccinellidae, 
Dermaptera  and  Miridae  species  associated  with  aphids  had  population 
peaks  in  this  generation,  then  progressively  reduced  in  number;  whereas 
Neuroptera and Araneae generalist species that usually do not show a marked 
prey  specific density-dependence  (Riechert & Lockley,  1984;  Symondson et 
al.,  2002)  progressively  increased  their  numbers  throughout  the  growing 
season as had been previously observed (Monzó et al., 2014).
  In contrast to generalist and stenophagous predators,  the specialist 
coccinellid predators of  the  family Diaspididae, R. lophanthae, C. bipustulatus 





  The  molecular  markers  designed  for  the  present  study  (CRSCOI 
primers) were able to detect A. aurantii DNA within the gut content of numerous 





with  non-target  organisms  were  found  in  two  closely  related  Diaspididae 
species that are not found in citrus groves of the study region (Simon, 1997) 
and therefore, no risk of obtaining false positive detections could be expected.
  Estimated  relevance  of  A. aurantii  predators  from  the  gut-content 
studies throughout the season were more precisely explained by the seasonal 
changes  of  A. aurantii  mortality  attributed  to  predation,  registered  in  the 
exclusion  studies,  than  the  seasonal-activity  data  of  the  citrus  predatory 
complex  obtained  through  stem-tap  monitoring.  This  consequently 










complex may be contributing to its regulation. The mirid P. cf gallicus presents 


















potential A. aurantii  biological  control  agents  in  citrus  agroecosystems.  An 
apparent  competition  between  the  two  key  citrus  pests mediated  by  their 
shared  generalists  and  stenophagous  predator  complex  (Holt  &  Bonsall, 
2017) may be the result of the most relevant predator species population and 
the highest A. aurantii predation having occurred during the first A. aurantii 
generation, along with  the  fact    that  these predators are mostly associated 
to  the previous aphid demographic  increase  in citrus  clementines  (Gómez-
Marco et al., 2016). 
  Specialist  A. aurantii  predator  species  of  the  Coccinellidae  family 
presented,  nevertheless,  a  low  relevance  in  terms  of  number  of  specimens 
found  using  A. aurantii  as  food  source.  The  number  of  C. bipustulatus  and 
C. citricola collected was too low to offer a significant contribution to A. aurantii 
control. Rhyzobius lophanthae only presented some activity and relevance at 






of  these  natural  enemies  is  expected  to  be  superior  to  that  of  generalists 
therefore their importance could be greater than what was observed in this 
study. On the other hand, the late presence of specialists would complement 




in  pests  that  reproduce  during  the  citrus  growing  season  has  been widely 




and relevant species were C. carnea and S. aleyrodiformis. Both species seem 
to  be more  relevant  at  the  end of  the  season,  the  latter  being one of  the 
most relevant A. aurantii predators in this study during the third A. aurantii 









  The  probability  of  obtaining  positive  detections  in  predators  that 
fed  upon  the  target  pest  is  conditioned  by  the  type  of  digestion  of  each 
predatory group and species. For the same molecular markers post-digestion 
detection  can  strongly vary between predator  species  (Monzó et  al.,  2011). 
Post-digestion  time  period  in  laboratory  studies  help  to  understand  this 
variability. Nevertheless  this  kind of  evaluation  is not  viable  for  studies  in 
which a large predator range is tested. In this sense, the estimated relevance 
of the species associated with A. aurantii control could be partially conditioned 





  Positive  detections  obtained  in  spider  specimens  must  also  be 
taken into account with great caution. Secondary predation (i.e. a predator 
consuming a  second predator,  shortly after  the  latter consumed  the  target 
prey) has been widely described in this group of predators (King et al., 2008, 
Sheppard  et  al.,  2005).  Their  marked  generalist  behavior  along  with  their 
low numerical response and prolonged  life cycles have traditionally driven 
the  disregard  of  the  BC  services  they may  offer  (Riechert &  Lockley,  1984; 
Symondson et al., 2002). Further studies on this group would be required to 
understand their actual role on regulation of A. aurantii populations.
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  In  conclusion,  the  present  study  reassess  the  importance  of 
conservation  biological  control  in  perennial  crops  by  highlighting  the 
primary role of predation as the biotic mortality factor of key pests and by 





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Group * Order Family Species Origin PCR result
Preys Hemiptera Diaspididae Aonidiella aurantii (Maskell, 1879) IVIA Lab strain +
Parlatoria pergandii Comstock, 1881 Moncada, VLC -
Parlatoria ziziphi (Lucas, 1853) Valencia, VLC -
Cornuaspis beckii (Newman, 1869) Algimia, VLC -
Aspidiotus nerii (Bouche, 1833) Valencia, VLC +
Chrysomphalus aonidum (Linnaeus, 1758) Silla Lab strain +
Coccidae Coccus hesperidum Linnaeus, 1758 Moncada, VLC -
 Saissetia oleae (Olivier, 1791) Moncada, VLC -
Ceroplastes sinensis Del Guercio, 1900 Algimia, VLC -
Margarodidae Icerya purchasi (Maskell, 1878) Ribesalbes, CS -
Pseudococcidae Planococcus citri Risso, 1813 Moncada, VLC -




Aphididae Aphis spiraecola Patch, 1914 Moncada, VLC -
Aphis gossypii Glover, 1877 Algimia, VLC -
Myzus persicae (Sulzer, 1776) IVIA Lab strain -
Aleroydidae Paraleyrodes minei Iaccarino, 1990 Moncada, VLC -
Alerothrixus floccosus Maskell, 1896 Moncada, VLC -
Triozidae Trioza alacris Flor, 1861 Moncada, VLC -
Thysanoptera Thripidae Pezothrips kellyanus (Bagnall, 1916) Moncada, VLC -
Frankliniella occidentalis Pergande, 1895 IVIA Lab strain -
Lepidoptera Gracillariidae Phyllocnistis citrella Stainton, 1856 Moncada, VLC -
Pyralidae Cryptoblabes gnidiella (Millière, 1867) IVIA Lab strain -
Gelechiidae Tuta absoluta (Meyrick, 1917) IVIA Lab strain -
Tephritidae Ceratitis capitata (Wiedemann, 1824) IVIA Lab strain -
Drosophilidae Drosophila melanogaster Meigen, 1830 Moncada, VLC -
Acari Tetranychidae Tetranychus urticae C.L. Koch, 1836 IVIA Lab strain -
Panonychus citri (McGregor, 1916) Algimia, VLC -
Tydeidae Tydeidae sp  Kramer, 1877 Moncada, VLC -
Psocoptera Psocoptera sp Shipley, 1904 Moncada, VLC -
Predators Coleoptera Coccinellidae Scymnus subvillosus (Goeze, 1777) Moncada, VLC -
Scymnus interruptus (Goeze, 1777) Algimia, VLC -
Scymnus mediterraneus Khnzorian, 1972 Moncada, VLC -
Rhyzobius lophanthae (Blaisdell, 1892) Moncada, VLC -
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Chilocorus bipustulatus (Linnaeus, 1758) Moncada, VLC -
Coccidophilus citricola Brèthes, 1905 Bétera, VLC -




Delphastus pusillus (LeConte, 1852) Bétera, VLC -
Rodolia cardinalis (Mulsant, 1850) Moncada, VLC -
Stethorus punctillum Weise, 1891 Moncada, VLC -
Neuroptera Chrysopidae Chysoperla carnea (Stephens, 1836) Moncada, VLC -
Coniopterygidae Semidalis  aleyrodiformis (Stephens, 1836) Moncada, VLC -
Dermaptera Forficulidae Forficula auricularia Linnaeus, 1758 Moncada, VLC -




Reduviidae Empicoris rubromaculatus 
(Blackburn, 1889)
Moncada, VLC -





Araneae Salticidae Icius hamatus (Koch, C.L., 1846) Moncada, VLC -
Ballus chalybeus (Walkenaer, 1802) Moncada, VLC -
Philodromidae Philodromus albidus Kulezynski, 1911 Moncada, VLC -
Philodromus cespitum (Walckenaer, 1802) Moncada, VLC -
Clubionidae Cheiracanthium mildei Koch, L., 1864 Moncada, VLC -
Clubiona leucaspis Simon, 1932 Moncada, VLC -
Theridiidae Dipoena melanogaster (C.L. Koch, 1837) Moncada, VLC -
Hymenoptera 









Pteromalidae Spalangia cameroni Perkins, 1910 IVIA Lab strain -
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Abstract
  The  Spirea  citrus  aphid, Aphis spiraecola  and  cotton  aphid, Aphis gossypii 
(Hemiptera: Aphididae) are key pests of clementine mandarines in the Mediterranean 
basin.  Severity  of  aphid  infestations  is  determined  by  environmental  and  crop 
variables  that  limit  their populations  as well  as  the  regulation exerted by  their 
associated natural enemies. However, there is no information about the role these 
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in  4  clementine mandarin  groves.  Relationships  between  these  parameters  and 
environmental variables (temperature and precipitation) were studied. Our results 






These  natural  enemies  showed  the  highest  temporal  and  spatial  demographic 
stability. Aphid regulation success was only achieved  through early presence of 
these natural enemies in the groves; when the first aphid colonies appear in the 
clementine  citrus  trees.  Our  results  suggest  that  conservation  strategies  aimed 
to preserve and enhance Scymnus sp. populations may importantly contribute to 
future success of the biological control of these key citrus pests. 




Limiting and regulating factors of aphids
3.1. Introduction
  The Spirea  citrus  aphid, Aphis spiraecola Patch,  and  the cotton aphid, 
Aphis gossypii Glover  (Hemiptera:  Aphididae)  are  major  pests  of  clementine 




for  development  and  reproduction  on  citrus.  Infestations  consequently 
take  place  during  the main  sprouting  periods  of  the  season  and,  under  the 
Mediterranean growing conditions, are most important in spring when citrus 





tissue causes  leaf curl deformation. Colonies of  this  species use  this  strategy 
to  protect  themselves  from  natural  enemies  and  adverse  environmental 
conditions (Cole, 1925; Miller, 1928; Wang & Tsai, 2000). Development of sooty 
mould on leaves and fruit as a consequence of the honeydew secreted by aphids 









  Under  current  crop  management  conditions,  regulation  exerted  by 
natural enemies is generally not sufficient to keep aphid densities below their 
economic threshold in the Mediterranean clementine mandarin agroecosystems 
during  the  spring  citrus  growing  period  (Hermoso  de Mendoza  et  al.,  2001, 
2006; Urbaneja et al., 2018). Successful pest control must therefore relay on at 












resource  essential  to  aphid  development.  The  presence  of  these  in  citrus 
occurs  in specific periods of the year; thus the risk of  infestation is confined 













  In  the  last  two  decades  numerous  efforts  have  been  addressed  to 
understand  the  causes  restraining  aphid  biological  control  success  in  citrus 
(van  Steenis,  1995;  Yokomi &  Tang,  1995;  Bañol  et  al.,  2012).  In  this  search, 
complex  trophic  interactions  between  A. spiraecola, its  primary  parasitoid, 
Binodoxys angelicae (Haliday),  and  six  hyperparasitoids  have  completely 
nullified the potential control of this pest by parasitism (Michelena & Sanchis, 
1997;  Gómez-Marco  et  al.,  2015).  Biological  control  services  offered  by  the 
predator  complex  associated with  citrus  aphids were  traditionally  relegated 
to a secondary role. A rich predatory assemblage has been described to  feed 
on aphid colonies (Hermoso de Mendoza et al., 2012). These authors observed 
a  demographic  synchrony  between  aphid  and  predator  densities  with  the 
typical predator-prey response lag. Nevertheless, the high reproductive rate of 
aphids makes this lag sufficient to escape from an efficient biological control. 
Aphidophagous predators  achieve maximum  impact  if  they  arrive  early  and 
in  sufficient numbers  (Michaud, 2012). Recent  studies aimed at  reducing  the 












plant  related  biotic  factors  influence  the  infestation  potential  of  A. gossypii 
and A. spiraecola  in clementine mandarins and how biotic community factors 
regulate  their  populations  during  the  spring  sprouting  period.  The  specific 




3.2. Material and methods
3.2.1.  Location and experimental conditions
  The  experiments were  conducted  during  the  spring  seasons  of  2015 
and 2016  in  four clementine mandarins  (Citrus clementina Hort. ex Tan) plots 
containing  approximately  15  year-old  trees  at  the Valencian  citrus  growing 
region.  Two  of  them  were  experimental  plots  belonging  to  the  Valencian 
Institute  of  Agricultural  Research  (IVIA)  in  Moncada  (39°35’17.43”N  / 
0°23’53.28”O) [Valencia Province] and the Jaume I University (UJI) in Castellón 
(39°59’29.92”N  /  0°  4’12.77”O)  [Castellón  Province].  The  other  two  were 
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plots were drip-irrigated and had not been treated with insecticides for at least 
two years before the onset of the study and during the course of it. 
3.2.2.  Meteorological data
Daily mean temperatures and rainfall from June 21, 2014 to June 20, 2016 were 
obtained  from  the  ‘Sistema  de  Información  Agroclimática  para  el  Regadío’ 
(SIAR, www.siar.es) database, using daily summaries from two meteorological 
stations: Moncada IVIA (V101) at Valencia Province, and Castellón Benadresa 
(CS05)  at  Castellón  Province.  The  greatest  distance  between  meteorological 
stations and study plots was 15 km.
3.2.3.  Temporal sampling of aphids, citrus phenology and predators





  The  dominant  phenological  stage  of  clementine  shoots  in  each  ring 
was  also  recorded. A  simplified BBCH phenological  scale  for  citrus was used 
(Garrán et al., 1993; Agustí et al., 1995). Specifically, buds from the beginning 














Two  randomly  selected  branches  per  tree were  stricken  three  times with  a 
40  cm-length of PVC pipe. A plastic  tray  (45 x 30  cm) was previously placed 
under  each branch  to  capture  the dislodged  arthropods. Adults  and  larvae’s 
predators  were  identified  in-situ. In  the  cases  in  which  determinations  to 
species level was not possible specimens were collected with an entomological 
aspirator and determined in the laboratory under stereoscope microscope. 
3.2.4.  Spatial sampling of aphids and predators
  Using the same methodologies previously described to measure aphid 
and  predator  populations,  an  extensive  sampling  was  carried  out  through 
the main  citrus  growing  areas  of  the  Valencia  region,  representing  an  area 
of approximately 240,000 ha. From April 22 to May 31, 2016, at the end of the 
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3.2.5.  Statistical analysis
 Meteorological  data  were  grouped  per  month.  Differences  in  mean 
temperatures between meteorological stations, years, and months were studied 





phase  (upon which aphid colonies  start  to develop),  and days of duration of 
B3 and B4 phenological phases  (upon which aphid colonies can exhibit  their 
highest growth potential). Student’s t–test was used in all the cases and ‘year’ 
was used as predictor variable. Prior  to model  selection, data was  tested  for 
normality.  Pearson  Correlation  was  used  to  study  potential  relationships 

















macro-coccinellids,  neuropterans,  hemipterans  and  dermapterans)  in  each 
sampling  date  and  citrus  grove.  Differences  in  temporal  variability  between 
groups was studied through general linear model analysis. Differences between 
predator groups  in  the beginning of  their  seasonal activity  (after  the winter 
period)  was  studied  by  comparing  the  date  for  which  10%  of  all  captured 
individuals  was  reached  each  year.  General  linear  model  analysis  was  used 
wherein ‘date of 10% of all captures’ was the response variable and ‘predator 
groups’  the  explanatory  variable.  Post-hoc  t-test  (Tukey)  comparisons  were 
made in each case having a significant effect (P < 0.05) for the two analyses.
  To  study  the  potential  relationship  between  peak  aphid  infestation 
levels and the presence of natural enemies early in the season and throughout 
the  spring  aphid  infestation  period,  the  cumulative  number  of  individuals 
captured by stem-tap sampling of each predatory group, i) from the beginning 
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3.3. Results 
3.3.1.  Meteorological data
  The average temperatures in the study period varied between 10.5 °C 
and 22.7 °C in the months of January and June, respectively (figure 3.1). 
Figure 3.1 Monthly Mean  temperature  and  accumulated  precipitation  in  two meteorological 
stations of the Valencian Region: Moncada IVIA (V101) Station in the province of Valencia and 
Castellón Benadresa (CS05) Station in the province of Castellón.

















3.3.2.  Citrus phenology
  Clementine shooting patterns were similar between plots, but differed 
between years  of  study  (figure 3.2). Highest  shoot  density  occurred  in  year 








Maximum number of shoots Days to peak Days to B2 Days B3 to B4
Year 1 213.27 ± 9.50a 80.8 ± 1.8a 97.8 ± 3.1a 18.8 ± 1.9a

















3.3.3.  Aphid phenology




and B4 phenological phases  (figure 3.2). Peak  infestation rates observed were 
35.14 ± 3.18 days after  the beginning of aphid  infestations with no differences 
between years (t = 1.58, df = 1, 5, P = 0.175). Proportion of infested shoots exceeded 




3.3.4.  Citrus aphid species
  In 2016, Aphis spiraecola and A. gossypii were the only two aphid species 
found  that were associated with citrus groves  in  the  spatial  sampling across 
the  Valencia  region.  Aphis spiraecola was  present  in  all  the  groves  whereas 
A. gossypii was found in only 62% of the groves. In all cases,  infestations with 
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of the observed colonies) whereas most of A. gossypii colonies (63%) were mixed 
with A. spiraecola specimens.
3.3.5.  Aphid predator’s guild
  Sixteen species of predators commonly associated with aphid species 
were  found by  the  stem-tap  sampling  in  the  four  study  sites  and  in  both  of 
two years of data collection (table 3.2). Coccinellidae was the group with the 
greatest abundance and species richness. Within this family, micro-coccinellid 
species measuring  less  than  3 mm  long were  the most  abundant with more 
than  1,600  specimens  collected  belonging  to  4  species.  Scymnus subvillosus 
(Goeze)  and  Scymnus interruptus  (Goeze)  were  the  most  captured  species, 
whereas Rhyzobius litura (Fabricius) and Scymnus mediterraneus Khnzorian were 
captured  less  frequently.  Among  the  macro-coccinellid  species  measuring 
more than 3 mm long Propylea quatuordecimpunctata (L.) was the most captured. 
Neuroptera  was  the  second  group  of  predators  in  terms  of  captures  being 
Chrysoperla carnea (Stephens) the dominant species within this group with 83.7% 














































































































































































































































































































































































































































































































































































































































































































































Limiting and regulating factors of aphids
  Seasonal  and  spatial  patterns  of  the  most  important  predator  groups 
associated with aphids in the four study sites strongly varied (figure 3.3 and table 
3.2).  Micro-coccinellids  presented  the  lowest  temporal  and  spatial  variability 
being  present  throughout  all  the  study  period  in  all  the  study  sites.  Macro-












Predator group Temporal variability Spatial variability Day with 10% to abundance
Micrococcinellid 1.08 ± 0.2c 0.75 15.8 ± 8.0b
Macrococcinellid 1.67 ± 0.2a 1.90 41.2 ± 10.3a
Neuropteran 1.21 ± 0.2bc 1.22 31.5 ± 8.0ab
Hemipteran 1.61 ± 0.2a 2.32 44.2 ± 10.9a
Dermapteran 1.42 ± 0.2ab 0.85 45.6 ± 11.8a
Table 3.3 Coefficients of variation of  the different groups of predators associated to aphids  in 
citrus,  throughout  all  the  sampling  period  (Temporal  variability)  and  between  sampled  plots 
(Spatial variability), and days from the first sampling date until 10% of all captures are obtained 
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3.3.6.  Regional distribution of Coccinellidae
  The micro-coccinellid S. subvillosus was  the most  captured  species  in 
the 60 sampled citrus groves through Valencia region;  it was present  in 80% 
of  them  (table 3.4).  The  macro-coccinellid  P. quatuordecimpunctata,  was  the 












Micrococcinellid Scymnus subvillosus (Goeze, 1777) 650 0.63 ± 0.04 42 81 %
Scymnus interruptus (Goeze, 1777) 213 0.20 ± 0.02 28 54 %
Rhyzobius litura (Fabricius, 1787) 6 0.01 ± 0.003 1 2 %
Scymnus rufipes (Fabricius, 1798) 2 0.002 ± 0.001 1 2 %
Total 871 0.84 ± 0.05 47 90 %
Macococcinellid Propylea quatuordecimpunctata 
(Linnaeus, 1758)
565 0.54 ± 0.04 38 73 %
Hippodamia variegata (Goeze, 1777) 4 0.004 ± 0.002 2 4 %
Coccinella septempunctata 
(Linnaeus, 1758) 3 0.003 ± 0.002 2 4 %
Coccinellid larvae  48 0.05 ± 0.009 11 21 %
Total 620 0.60 ± 0.04 42 81 %








3.2.7.  Aphid-predator relationship
  Maximum  aphid  infestation  rates  in  the  study  sites were  negatively 
correlated  to  the  cumulative  number  of  Scymnus spp.  measured  from  the 
beginning  of  the  sampling  until  the  beginning  of  B2  (Figure 3.4 and Table 
3.5).  Nevertheless,  no  relationship  was  found  between  the maximum  aphid 
infestation  rates  and  the  cumulative  number  of  Scymnus spp.  measured 
throughout the study period. No relationships were found between maximum 
aphid  infestation  rates  and  the  cumulative  number  of  predators  measured, 




F P r2 a b b, SE
Scymnus spp B2 6 39.72 7.44 E-04 0.85 41.54 -0.42 0.07
Scymnus spp B6 6 0.64 0.45 -0.05 54.83 0.92 1.15
Macrococcinellid B2 6 1.01 0.35 1.8 E-03 1.17 -0.01 0.01
Macrococcinellid B6 6 0.51 0.50 -0.08 -3.88 1.59 2,23
Neuropteran B2 6 3.46 E-02 0.99 -0.17 5.24 -8.53 E-04 0.15
Neuropteran B6 6 0.56 0.48 -0.07 32.39 1.16 1.54
Hemipteran B2 6 NaN NA NaN 0.00 0.00 0.00


















 Aphis gossypii and A. spiraecola were the only two aphid species found 
associated  with  clementine  citrus  crops  in  our  study;  the  former  being  the 
dominant  one.  Aphis spiraecola  is  the most  abundant  aphid  species  in  citrus 




aphids  have  been  previously  described  to  be  associated  with  citrus  crops 
in  Spain;  only  A. gossypii and  A. spiraecola are  considered  to  be  of  economic 
importance  in  the  crop  (Hermoso de Mendoza et  al.,  2012). Both  species  are 
thought to be in equilibrium and although A. spiraecola is frequently found to 
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in most  cases with  phenological  stage  B3  in  clementines  (shoots with  40%  - 
70% of their final size, corresponding to BBCH: 34-37), when shoots offer more 
space  and  nutritional  resources  for  colony  growth.  The maximum  outbreak 
infestation rate occurred when the shoots reached stage B4 (shoots with 70% 
-90% of  their  final  size,  corresponding  to  BBCH:  37-39);  probably  due  to  the 
fact  that  at  this  phase  shoots  are  sufficiently  developed  and  big  enough  to 




  The  important differences  in the duration of B3 and B4 phenological 
stages  (when  aphid  colonies  are  expected  to  exhibit  their  highest  potential 
growth) observed between the two years may be the reason behind the distinct 
infestation rates observed. The period covered by these two phenological stages 
was  almost  three  times  shorter  the first  year  than  in  the  second one which 
was strongly correlated to the mean temperatures during that period of time. 



















orders  (Michelena &  Sanchis,  1997;  Alvis,  2003;  Hermoso  de Mendoza  et  al., 
2012). The most  frequently captured predator species  in our study coincided 
with what was  previously  observed;  the micro-coccinellids  S. subvillosus and 
S. interruptus and  the  macro-coccinellid  P. quatuordecimpunctata were  the 
dominant aphidophagous predators. Of all  the predator groups  found  in this 
study, micro-coccinellids had  the most homogenous populations  throughout 
the season but also across the study sites. The macro-coccinellids showed the 







two  groups  of  coccinellids  could  be  associated  with  the  behavior  of  gravid 
females;  oviposition  is  influenced  by  the  existence  of  sufficient  resources 






its  primary prey  (aphids)  is  scarce  (Hodek  et  al.,  2012).  The  other  groups  of 
predators  registered  in  this  study  (neuropterans, mirids,  and dermapterans) 
did not present a defined pattern in their activity-density. Their more erratic 
activity  makes  their  effective  management  for  biological  purposes  a  future 
challenge for integrate pest management strategies in this crop. Further studies 
will be required to understand the factors that modulate their populations. 
  The  complex  of  aphidophagous  predators  is  usually  considered 
inefficient  to  control  the  populations  of  these  phytophagous  pests.  Aphid 
colonies are characterized by their exponential growth as well as their further 
rapid  decline  (Kindlmann  et  al.,  2010).  Predators  arriving  to  aphid  colonies 
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thus reducing further infestation rates in the growing season (Carroll & Hoyt, 
1984). Winter  control  is  not  considered  to  be  a  key  factor  in Mediterranean 
citrus  agroecosystems  since  aphid  females  initiating  spring  infestations 
are  thought  to  come  from  non-citrus  hosts  (Komazaki,  1983;  Brown,  2004). 
A previous study  in  the region nevertheless showed that  the early arrival of 
aphidophagous  and polyphagous predators  to  the  colonies  of A. spiraecola  in 
citrus  clementine  in  spring  were  able  to  reduce  their  populations  to  levels 
below their pre-established economic  thresholds  (Gómez-Marco et al., 2015). 
The authors however, did not  identify  the predator groups  that  successfully 
controlled A. spiraecola. Our study demonstrates a successful reduction in aphid 




population  level  throughout  the  season  as  well  as  their  high  frequency  of 
captures throughout the extensive citrus growing region in which this study 
was conducted makes these natural enemies potential key predators of aphids 
in  Mediterranean  citrus  agroecosystems.  Further  studies  will  be  required 
to  better  understand  the  ecological  and  biological  traits  of  these  coccinellid 
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Abstract
  Predator-prey  interactions  are  not  static,  but  spatially  and  temporally 
dynamic.  In  addition  to  the  climatic  conditions  and  the  prey  density,  the 
dynamics  of  predator  populations may be  influenced by  the  suitability  of  their 
diet.  Therefore,  to  better  understand  aphid  predator-prey  relationships  within 
food webs, it is necessary to know how their life history traits are affected by diet 
quality.  In this research,  the suitability of  the two most abundant aphid species 
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Life history traits of the coccinellids Scymnus subvillosus and 
S. interruptus on their prey Aphis spiraecola and A. gossypii: 
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predators  Scymnus subvillosus  and  S. interruptus under  laboratory  conditions. 
The intrinsic rate of increase of S. subvillosus was found to be higher than that of 
S. interruptus regardless of the type of prey consumed. Some biological parameters 




confirmed  under  field  conditions,  wherein  S. subvillosus abundance was  greater 
in those colonies where A. spiraecola was predominant. On the other hand both, 
S. subvillosus and S. interruptus were found equally in A. gossypii colonies. Implications 
of these results for the biological control of aphids in this crop are discussed. 
Keywords Conservation biological  control,  intrinsic  rate of  increase, predator-
prey interactions, prey suitability





studied  due  to  their  biological,  ecological  and  behavioral  characteristics 
such as polyphagy, high voracity, rapid numerical and aggregative responses 
(Obrycki & Kring, 1998; Dixon, 2000; Hodek et al., 2012). These characteristics 
are  considered  to  be  important  for  biological  control  agents;  thus  several 
species are widely used in biological control programs to control pest species 
such as whiteflies, aphids, mealybugs, scales or psyllids in different crops and 




















  Probably  the most  studied  and  recognized predator-prey  association 
is the one established between Coccinellidae and Aphididae (Obrycki & Kring, 
1998;  Hodek  et  al.,  2012).  As  early  as  1874,  Coccinella undecimpunctata (L.) 





(Weber  &  Lundgren,  2009;  Obrycki  et  al.,  2009).  Therefore,  coccinellids  are 
considered to be the most important group of predators within the extensive 
aphid natural enemy complex (Volkl et al., 2007; Jacas & Urbaneja, 2010; Hodek 
et  al.,  2012). Within  the  aphidophagous  coccinellids, most  species  are  found 
within  the  subfamilies  Coccinellinae  and  Scymninae.  One  of  the  ecological 




  Citrus  crops  are  affected by  several  species  of  aphids. The  two main 
species  in  the Mediterranean  basin  are Aphis spiraecola  Patch  and A. gossypii 




large  amounts  of  honeydew,  and  serving  as  a  vector  for  Citrus tristeza  virus 









of  natural  enemy  species,  biological  control  of  citrus  aphid  populations  is 
provided  primarily  by  an  assemblage  of  coccinellid,  cecidomid  and  syrphid 
species (Michaud, 2005; Obrycki et al., 2009; Hodek et al., 2012; Gómez-Marco et 
al., 2016a). However, some comparative field studies indicate that coccinellids 
are  the  most  efficient  group  among  the  predators  (Michaud,  1999;  Brown, 
2004).  The  relative  abundance  and  importance  of  the  coccinellid  species  in 
citrus depends more on the region and season than on the citrus aphid species 
dominating the aphid complex (Smith et al., 1997; Gómez-Marco et al., 2016a).
  In  the  Mediterranean  basin,  the  most  abundant  species  of 
aphidophagous coccinellids are Scymnus (Pullus) subvillosus (Goeze) and Scymnus 
(Scymnus)  interruptus  (Goeze), of which there are few studies examining their 
relevance  and  role  within  citrus  agroecosystems  (Longo  &  Benfatto,  1987; 
Raimundo & Alves, 1986; Franco et al., 1992; Magro & Hemptinne, 1999; Alvis, 
2003; Kavallieratos et al., 2004). 
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research, the suitability of A. spiraecola and A. gossypii as prey for S. interruptus 
and S. subvillosus was studied. For this, the life history traits of both predators 
when raised on i) A. spiraecola, ii) A. gossypii or iii) a mixture in equal amounts 





4.2. Materials and Methods
4.2.1.  Stock cultures
  Laboratory  colonies  of  A. spiraecola  and  A. gossypii  were  initiated  by 
collecting  specimens  on  Clementine  trees  [Citrus  clementina  Hort.  ex  Tan. 
(Geraniales: Rutaceae)] located in orchards belonging to the Instituto Valenciano 
de Investigaciones Agrícolas (IVIA) in Moncada, Valencian Community, Spain 
(39°35’17.43”N  /  0°23’53.28”O).  Aphids were  reared  on  two-year  old,  potted, 
clementine plants (Citrus reticulata Blanco [Clementina de Nules cultivar Iniasel 
22] grafted onto Citrange  Carrizo  rootstock  [Poncirus trifoliata  (L.) Rafinesque-










it was  started  from  a  stock  colony maintained  on  potted  broad  bean  plants 
(Vicia faba L.; Fabales: Fabaceae) at the IVIA since 2004. Colonies of M. persicae 
on pepper plants were  selected  for  their practicality;  the  aphids  are  easy  to 
rear and manipulate. This colony was kept in heated chambers of a greenhouse 
under the same environmental conditions described above.
  To establish the S. subvillosus and S. interruptus colonies, specimens were 




two days,  as well  as  pollen,  honey,  and water  on  a filter  paper.  Petri  dishes 
were isolated in a growth chamber (SANYO MLR-350; Sanyo, Japan) at 25 ± 1 ° C, 
60-70% RH with a photoperiod of 14:10 h (L:D).
4.2.2.  Developmental parameters 
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  Newly  emerged  coccinellid  larvae  (<  24  h  old)  were  individually 
transferred  to numbered Petri dishes  (5.5 cm diameter as above) and reared 
with the aphid species corresponding to the three following experimental diet 
treatments: 1) A. spiraecola,  2) A. gossypii  and 3) A. spiraecola  and A. gossypii  in 
equal proportions. Each larva was provided aphids ad libitum and water in the 
plaster every day until larvae either pupated or died. Experimental arenas were 




until  death  or  adulthood.  After  adult  emergence,  they  were  measured 






















a  pipette  and  new  aphids  of  the  corresponding  treatment  were  also  added. 
Experimental  arenas were kept  in  the  same climatic  conditions as described 
above.  
4.2.4.  Demographic growth indexes
  The intrinsic rate of increase (rm) was computed using the Euler equation, 
∑ e -rm lxmx
where  Ix  is  survivorship  of  the  original  cohort  over  the  age  interval  from 
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4.2.5.  Preference sampling
  To  further  explore  the  relationships  between  the populations  of  the 
citrus aphid species, A. spiraecola and A. gossypii, and their predators, S. subvillosus 
and S. interruptus, sixty clementine orchards separated by a minimum distance 
of 0.5 km were sampled throughout the Valencian Community (SS4.1), covering 
an  area  of  240,000  hectares  within  the  provinces  of  Castellón  and  Valencia 
(figure 4.1). From April 22 to May 31, 2016, in the full citrus sprouting stage, 










  For  aphid  sampling,  in  each  tree  a  0.25 m2  ring was placed  twice on 
the canopy. Within the ring, the number of suitable aphid-infested and non-
infested  shoots  as  well  as  the  average  number  of  aphids  per  infested  shoot 
was  recorded  (Hermoso de Mendoza et al.,  2001, 2006). Trees were classified 
according  to  the predominant aphid  species  (more  than 70% of  shoots)  as  i) 












Tukey’s Honestly Significant Difference  test  (HSD). R Studio 1.1.383  software 
was used for the statistical analysis.
  The Cox proportional hazards model was used to evaluate differences 
between the survival probabilities of the S. interruptus and S. subvillosus among 






  To describe  the potential demographic  spatial  relationships between 
the  two dominant  citrus  aphid  species  and  their predators S. interruptus and 
S. subvillosus the number of Scymnus specimens captured by stem-tap sampling 
in each tree throughout the spatial sampling (dependent variable) was related 
to the Scymnus species (S. interruptus or S. subvillosus) and the aphid dominance 
(A. spiraecola, A. gossypii or mixture of  the  two aphid species  in  the colonies). 
The interaction between these two fixed effects was also included in the model. 
Generalized  linear mixed model  (GLMM)  analysis was used  for  this  purpose. 
Negative binomial distribution of  the variable was assumed based on Akaike 




4.3.1.  Developmental parameters 
  Duration  of  the  different  immature  stages  of  S. subvillosus  and 











F value P value
1 2 3
S. interruptus First instar 2.52 ± 0.08a 2.20 ± 0.06b 2.23 ± 0.08b 6.02 0.003
Second instar 1.68 ± 0.08a 1.57 ± 0.07a 1.58 ± 0.08a 0.63 0.53
Thrird instar 1.98 ± 0.06a 1.76 ± 0.09ab 1.71 ± 0.07b 3.76 0.03
Fourth instar 3.32 ± 0.10a 3.29 ± 0.09a 3.27 ± 0.08a 0.08 0.93
Prepupa 2.16 ± 0.09a 2.06 ± 0.08ab 1.85 ± 0.07b 3.91 0.02
Pupa 5.92 ± 0.08a 5.94 ± 0.07a 6.13 ± 0.06a 2.95 0.06
Total  17.78 ± 0.18a 16.82 ± 0.16b 16.77 ± 0.12b 8.61 < 0.001
S. subvillosus First instar 2.22 ± 0.09b 2.62 ± 0.09a 2.10 ± 0.10b 8.39 < 0.001
Second instar 1.90 ± 0.11a 1.50 ± 0.07b 1.61 ± 0.09ab 5.28 0.01
Thrird instar 2.00 ± 0.09a 1.48 ± 0.08b 1.59 ± 0.09b 9.62 <0.001
Fourth instar 3.24 ± 0.13a 2.77 ± 0.12b 2.98 ± 0.12ab 3.62 0.03
Prepupa 2.44 ± 0.11a 2.29 ± 0.09a 2.59 ± 0.10a 2.30 0.10
Pupa 5.62 ± 0.11a 5.48 ± 0.08a 5.65 ± 0.07a 1.09 0.34
Total  17.42 ± 0.23a 16.13 ± 0.16b 16.51 ± 0.19b 11.42 <0.001
Table 4.1 Mean development times (days ±SE) of S. subvillosus and S. interruptus when reared on 
1) A. spiraecola, 2) A. gossypii and 3) A. spiraecola + A. gossypii) (df = 2, 150). Within a row, means 
followed by the same letter are not significant different (P < 0.05; Tukey test).






model)  (figure 4.2).  The weight  and  size  of  the  emerged  adults  (males  and 
females) was not significantly different for all but one of the coccinellid species 
when fed the three diets (table 4.2). The only significant difference observed 
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F value P value
1 2 3
S. interruptus Pupation (%) 100a 100a 100a 1.04  0.36
Male weigth 0.97 ± 0.07a 0.88 ± 0.05a 0.95 ± 0.06a 0.46  0.63
Female weigth 1.08 ± 0.06a 1.21 ± 0.10a 1.33 ± 0.07a 2.38  0.10
Male area 7.30  ± 0.11b 7.74 ± 0.10ab 7.94  ± 0.14a 7.92  < 0.001
Female area 9.61 ± 0.26a 9.65 ± 0.27a 9.83 ± 0.26a 0.17  0.85
S. subvillosus Pupation (%) 96.49 ± 1.96a 97.01 ± 1.68a 98.46 ± 1.34a 0.25 0.78
Male weigth 1.38 ± 0.07a 1.45 ± 0.06a 1.45 ± 0.07a 0.35 0.71
Female weigth 1.52 ± 0.05a 1.53 ± 0.06a 1.56 ± 0.06a 0.12 0.89
Male area 10.30 ± 0.25a 10.31 ± 0.27a 10.27 ± 0.30a 0.006 0.99
Female area 10.76 ± 0.25a 11.11 ± 0.29a 10.62 ± 0.35a 0.64 0.53
Table 4.2 Mean weight (mg ± SE) and area (mm2 ±SE) of S. subvillosus and S. interruptus when reared 
on 1) A. spiraecola, 2) A. gossypii and 3) A. spiraecola + A. gossypii) (df = 2, 150). Within a row, means 
followed by the same letter are not significant different (P < 0.05; Tukey test).
Figure 4.2 Immature survival curves of a) S. subvillosus and b) S. interruptus when reared on 1) 







4.3.2.  Reproductive parameters
  Diet had  a  significant  effect  on  the  reproductive parameters  of  both 
Scymnus species when raised on the three different diets (table 4.3). Fecundity 
of both predators was significantly higher with the mixed diet than with the 













S. interruptus Fecundity (total eggs) 115.69 ± 1.62c 158.69 ± 1.91b 174.00 ± 2.21a 326.30 2, 41  < 0.001
Fertility (%) (hatched eggs) 81.44 ± 2.52a 86.32 ± 2.26a 84.89 ± 2.57a 1.37 2, 901 0.26
Daily fecundity (eggs/day) 2.57 ± 0.12b 3.53 ± 0.12b 3.87 ± 0.15a 30.88 2, 1977  < 0.001
Eggs area (mm2) 0.57 ± 0.004a 0.58  ± 0.003a 0.56 ± 0.005b 7.60 2, 901 < 0.001
Incubation period (days) 4.63 ± 0.05a 4.54 ± 0.03a 4.51 ± 0.04a 2.28 2, 760  0.10
S. subvillosus Fecundity (total eggs) 261.29 ± 4.02c 272.86  ± 3.37b 361.82  ± 3.22a 384.71 2, 42 < 0.001
Fertility (%) (hatched eggs) 79.78 ± 7.89b 91.54 ± 5.45a 89.95 ± 4.07a 11.40 2, 993 < 0.001
Daily fecundity (eggs/day) 5.81 ± 0.25b 6.06 ± 0.20b 8.04 ± 0.23a 24.38 2, 2022 < 0.001
Eggs area (mm2) 0.38 ± 0.002b 0.39 ± 0.002a 0.39 ± 0.002a 6.55 2, 993 < 0.001
Incubation period (days) 3.27 ± 0.04b 3.08 ± 0.03c 3.41 ± 0.03a 24.84 2, 870 < 0.001
Table 4.3 Reproductive parameters (mean ± SE) of S. subvillosus and S. interruptus when reared on 
1) A. spiraecola, 2) A. gossypii and 3) A. spiraecola + A. gossypii). Within a row, means followed by the 
same letter are not significant different (P < 0.05; Tukey test).
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F value P value
1 2 3
S. interruptus Net reproductive rate, R0 
(♀/♀) 51.82 ± 0.79c 73.79 ± 0.91b 83.52 ± 1.06a 422.54 < 0.001
Intrinsic rate of increase, rm 
(♀/♀/day) 0.11 ± 0.0006c 0.12 ± 0.0003b 0.13 ± 0.0005a 629.33 < 0.001
Finite rate of increase, 
λm(♀/♀/day) 1.12 ± 0.0006c 1.12 ± 0.0004b 1.14 ± 0.0005a 630.69 < 0.001
Generation time, T (days) 40.90 ± 0.40a 43.63 ± 0.12b 40.41 ± 0.17a 87.569 < 0.001
Doubling time, DT (days) 7.18 ± 0.06a 7.03 ± 0.02b 6.33 ± 0.03c 207.62 < 0.001
S. subvillosus Net reproductive rate, R0 
(♀/♀) 82.31 ± 1.27c 87.31 ± 1.08b 137.86 ± 1.28a 1009.06 < 0.001
Intrinsic rate of increase, rm 
(♀/♀/day) 0.14 ± 0.0004c 0.14 ± 0.0003b 0.16 ± 0.0002a 1477.10 < 0.001
Finite rate of increase, 
λm(♀/♀/day) 1.15 ± 0.0005c 1.15 ± 0.0003b 1.17 ± 0.0003a 1492.00 < 0.001
Generation time, T (days) 35.31 ± 0.14b 37.23 ± 0.11a 37.44 ± 0.18a 92.51 < 0.001
Doubling time, DT (days) 5.55 ± 0.02b 5.77 ± 0.01a 5.27 ± 0.02c 326.07 < 0.001
Table 4.4 Demographic parameters (mean ± SE) of S. subvillosus and S. interruptus females when 








4.3.4.  Spatial sampling
  Approximately  7,300  citrus  shoots  containing  aphid  colonies  were 
observed. Aphis spiraecola was the dominant colony species in 75% of the shoots 






captured  in  trees  presenting  dominant  A. gossypii colonies  than  those  with 
A. spiraecola (t = 2.75, df = 1126, P = 0.006) or mixed colonies of the two species 
(t = 2.61, df = 1126, P = 0.009). No differences in Scymnus captures were found 
between  trees mainly  infested  by A. spiraecola colonies  and  trees  presenting 
mixed colonies (t = 0.64, df = 1126, P = 0.521). Scymnus subvillosus was the most 
captured  coccinellid  species  by  stem-taps  throughout  the  regional  sampling 
(F = 15.67, df = 1, 1126, P < 0.0001). This species was found in 80% of the plots with 






and  mixed  colonies  (t  =  -3.29,  df  =  1126,  P  =  0.001)  whereas  no  differences 
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between the two Scymnus species were found in trees dominated by A. gossypii 
colonies (t = -0.25, df = 1126, P = 0.806) (figure 4.3). 
Figure 4.3 Mean number  (± SE) of  specimens of S. subvillosus and S. interruptus on  trees with a 
predominant abundance of 1) A. spiraecola, 2) A. gossypii or 3) both species are found in similar 
proportions.  Same  letters  between  columns  of  the  same  predominance  grouping  indicate  no 
significant differences (P < 0.05; Tukey test).
4.4. Discussion
  For  the  two  Scymnus  species  studied,  our  results  presented  shorter 
development  times when offered diets  that  included A. gossypii  alone  and  in 
combination  with  A. spiraecola,  than  those  of  A. spiraecola alone.  This  would 
indicate that A. gossypii is more suitable for larval development, probably because 
of the presence of essential nutrients for growth. Shortening of development 








Nielsen et  al.,  2002;  Schuldiner & Coll,  2017). Nevertheless,  in our  study  this 
was not observed probably because both preys were reared on the same host 
plant which would not provide such a noticeable advantage as observed when 
coccinellids  are  fed on mixed  aphid  species  diets which had been  reared on 
different hosts (Hauge et al., 1998). Similar results were obtained by Sebastião 
et al. (2015) who did not find differences in S. subvillosus survival in any of the 




of  diet  on  which  they  were  raised,  as  has  been  observed  in  other  research 
(Kalushkov,  1998;  Omkar  et  al.,  2009;  Schuldiner  &  Coll,  2017).  Again,  this 
could be attributed to the use of the same aphid host plant species in all the 





in  the  male  size  of  S. interruptus  fed  with  A. spiraecola  was  observed;  which 
supports the hypothesis that A. spiraecola does not meet the predator´s needs as 
well as A. gossypii as previously observed by Omkar & Bind (2004) and Kalushkov 
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&  Hodek  (2005).  Low  quality  diets  consumed  during  the  larval  period  are 
thought to negatively influence the size of adults (Michaud, 2000).
  The  reproductive  parameters  for  both  predators  were  importantly 
influenced by the diet consumed. Scymnus females fed the aphid mixture had a 
significantly greater total and daily fecundity, followed by the diet composed 
exclusively  of  A. gossypii.  Omkar  &  James  (2004)  found  a  relatively  higher 





clearly  showed  that  the  effect  of  diet  on  predators  differentially  influences 
the  organism  according  to  the  specific  requirements  of  each  species  for  its 
development and reproduction.  
  Biological  differences  in  Scymnus species  under  distinct  diets  can 
be  summarized  through  their  estimated  life  history  parameters.  The  net 
reproductive rate (R0)  in both Scymnus species presented higher values   when 












other  studies where  the  specimens were  raised with  only  one  type  of  prey, 






  The  high  R0  values   obtained  for  the  two  Scymnus  species may  be  an 
indication of why these predators are so abundant in the Mediterranean region 
and particularly S. interruptus and S. subvillosus in citrus, where both predators 
are  thought  to play a primary role  in aphid control  (Alvis,  2003; Soler et al., 
2006; Santos et al., 2012; Bouvet el al., 2018). 
  As expected, the intrinsic growth rate (rm) and the finite rate of increase 
(λm)  showed  the  same  pattern  as  R0.  These  parameters  were  highest  in  the 
populations reared on the mixed diet and lowest in that fed the A. spiraecola diet. 
Similar values of these rates were observed in other studies with S. subvillosus, 










present  rm  values  three  times  greater  than  those  found  for S. subvillosus  and 
S. interruptus  as  in  this  research  (Kocourek  et  al.,  1994;  Kersting  et  al.,  1999; 
Wang & Tsai, 2000). Therefore, the potential of these predator species should 





























A  reduction  of  T  would  therefore  give  S. subvillosus  a  considerable  selective 
advantage over S. interruptus making  the  former especially more effective  in 
the control of A. spiraecola (Hemptinne & Dixon, 1997).






both  the  laboratory  and  field  support  our  initial  hypothesis.  In  addition,  the 
preference observed by S. interruptus could be one of the causes of the low rates 
of A. gossypii in the field compared to A. spiraecola, which was dominant. On the 











  This  research  provides  novel  information  about  Scymnus  species 















Plot A. spiraecola A. gossypii A. spiraecola + A. gossypii S. subvillosus S. interruptus Longitud Latitud
Alcira P P P P A  39° 9'46.42"N   0°26'39.38"O
Algemesi P P P P A  39°10'29.91"N   0°26'36.90"O
Algimia 1 A P P P P  39°42'55.11"N   0°18'57.46"O
Algimia 2 P P P A P  39°42'23.13"N   0°18'37.41"O
Algimia poble P A A P P  39°44'57.99"N   0°22'5.65"O
Alquerias I P A A P P  39°54'40.12"N   0° 8'9.28"O
Alquerias II P A A P P  39°54'3.39"N   0° 6'30.18"O
Barx P A A P P  39° 1'16.41"N   0°18'21.86"O
Belgida I P P P P P  38°51'11.60"N   0°27'29.56"O
Belgida II P A A A P  38°51'30.16"N   0°27'39.92"O
Belgida III P P P A P  38°51'16.27"N   0°27'38.42"O
Belgida IV P A A P P  38°51'26.45"N   0°27'55.75"O
Benaguacil P A A P A  39°34'55.18"N   0°36'44.72"O
Benicull P A P P A  39°11'23.54"N   0°22'55.31"O
Benifairó I P P P P A  39° 3'39.77"N   0°18'48.00"O
Benifairó II P A P P P  39° 3'42.76"N   0°19'3.52"O
Bétera P A A P A  39°35'10.94"N   0°24'38.78"O
Betxí P A A P P  39°56'30.80"N   0°12'45.88"O
Borriol I P P P P P  40° 1'7.23"N   0° 5'46.26"O
Borriol II P P P P P  40° 1'23.08"N   0° 5'56.10"O
Cabes Bort P A P P P  39°36'54.67"N   0°22'14.83"O
Carcaixent I P P P P A  39° 6'36.62"N   0°26'54.76"O
Carcaixent II P P P P P  39° 6'21.01"N   0°27'8.25"O
Carcaixent III P P P P P  39° 5'48.80"N   0°27'18.92"O
Castellon I P A A P P  39°59'29.72"N   0° 4'12.96"O
Castellon II P A A P P  39°59'58.43"N   0° 5'2.72"O
Castellonet P P P P P  38°55'5.83"N   0°16'11.60"O
Faura P P P P A  39°43'41.36"N   0°15'11.60"O
Garbí P A A P P  39°44'25.99"N   0°23'10.03"O
Liria P P P P P  39°36'39.92"N   0°39'25.79"O
Maxuquera P P A P A  38°56'24.57"N   0°13'33.09"O





P A A P A  38°56'18.63"N   0°14'36.65"O
Monasterio 
St. Jeroni II
P A A P P  38°56'23.16"N   0°14'5.21"O
Moncada I P P P P P  39°35'17.51"N   0°23'53.48"O
Moncada II P A A A A  39°34'41.98"N   0°23'57.03"O
Onda P A A A P  39°57'12.39"N   0°13'53.65"O
Palma de 
Gandía
P P P P P  38°55'14.75"N   0°13'5.99"O
Polinya de 
Xúquer
P P P P A  39°11'27.58"N   0°22'16.45"O
Puig P A A A A  39°35'2.08"N   0°19'1.56"O
Puzol I P A A A A  39°36'39.96"N   0°17'51.60"O
Puzol II P A A A A  39°36'12.76"N   0°17'52.43"O
Puzol III P A A A A  39°36'58.84"N   0°19'2.81"O
Ribesalbes I P P P P A  40° 0'41.83"N   0° 8'53.76"O
Ribesalbes II P A P P P  40° 0'21.32"N   0° 8'27.56"O
Ribesalbes III P P P P A  40° 0'53.30"N   0° 8'48.21"O
Ribesalbes IV P P P P A  40° 0'39.13"N   0° 7'56.65"O
San Isidro I P A A A P  39°34'31.24"N   0°23'13.90"O
San Isidro II P A A P P  39°34'14.53"N   0°23'14.24"O
Segorbe P P P P A  39°49'39.45"N   0°27'46.67"O
Simat I P P P P A  39° 4'10.88"N   0°20'1.12"O
Simat II P A P P A  39° 4'1.14"N   0°20'19.42"O
Simat III P P P P A  39° 3'52.75"N   0°20'31.46"O
Simat IV P P P P P  39° 3'40.67"N   0°20'18.74"O
Simat V P P P P A  39° 3'30.25"N   0°20'10.73"O
Simat VI P A P P A  39° 3'6.39"N   0°19'23.72"O
Simat VII P A P P P  39° 2'59.71"N   0°19'14.30"O
Tabernes 
Valldigna
P P P P A  39° 4'20.18"N   0°15'10.09"O
Villareal P A A A P  39°55'29.73"N   0° 8'13.52"O
Villareal 
estación
P A P P P  39°56'37.71"N   0° 8'12.35"O
Xeraco P P P A A  39° 2'5.95"N   0°12'29.43"O
SS4.1 Geographical location of mandarin plots sampled in the Valencian Community.







  Las  restricciones del mercado y  las preocupaciones ambientales y de 
salud humana son cada vez mayores debido al uso de plaguicidas en los cultivos. 





















5.1.1. Revalorizando la importancia de los depredadores
  Dentro de los enemigos naturales, los depredadores siempre han sido 
valorados como enemigos naturales de gran importancia en la agricultura. Sin 
embargo,  su  compleja biología y  ecología ha obstaculizado con  frecuencia  la 
evaluación de su verdadero papel como agentes de control biológico (Riechert 
&  Lockley,  1984;  Symondson  et  al.,  2002).  En  las  últimas  décadas,  existe  un 
creciente  interés  en  el  control  ejercido  por  los  depredadores  generalistas, 
principalmente  indígenas  y  naturalizados,  porque  se  reconoce  que  tienen 
capacidad  de mantener  la  densidad  de  los  fitófagos  en  equilibrio  estable  en 
forma no dependiente de  la densidad de  sus presas  (Symondson et  al.,  2002; 
Harwood & Obrycki, 2005).
  Los métodos indirectos como la exclusión, permiten evaluar el impacto 
de  los  depredadores  de  forma  cuantitativa  en  los  agroecosistemas.  En  el 
presente trabajo, se utilizó esta técnica y como modelo de plaga al piojo rojo 




forma,  las  técnicas  de  exclusión  permitieron  discriminar  satisfactoriamente 
la mortalidad biótica y abiótica en las poblaciones del fitófago. Los resultados 
obtenidos en el estudio, muestran que  la mortalidad asociada al complejo de 
depredadores  del  cultivo  supone  su  principal  componente  de  mortalidad 








asociados  al  piojo  rojo  de  California,  revelaron  que  existe  un  complejo 
relativamente  rico  de  depredadores  que  explotan  las  poblaciones  de  este 
fitófago. Además,  la mayoría de estas especies son depredadores generalistas 
o  estenófagas  nunca  antes  citados  como  depredadores  importantes  de  esta 
plaga (Alvis, 2003; Jacas & Urbaneja, 2008). La información obtenida crea por lo 
tanto un nuevo paradigma de cómo los diferentes componentes del complejo 
de  depredadores  de A. aurantii  pueden  estar  contribuyendo  a  su  regulación. 
El mírido Pilophorus cf gallicus  se presenta como el depredador más relevante 


















no  será  tan  determinante  como  se  creía.  Igualmente,  la mayor  presencia  de 
los depredadores especialistas antes del invierno podría ser clave para ayudar 
a  reducir  el  número  de  A. aurantii invernantes  y,  por  lo  tanto,  disminuir  el 
riesgo de aumentos demográficos severos durante la primera generación de la 
siguiente temporada (Qureshi & Stansly, 2009).




entre  esta  plaga  y  los  pulgones.  Además,  se  demuestra  el  alto  potencial  de  la 
depredación como un  factor  regulador determinante de una plaga clave en el 
cultivo  de  clementino  y  también  se  revela  cómo  este  factor  de mortalidad  se 
atribuye principalmente a una combinación de depredadores especialistas y no 
especializados que complementan su acción a lo largo de la temporada. 
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5.1.2.  Dinámica poblacional de los depredadores
  Para entender la dinámica poblacional de las plagas, además de conocer 
las  relaciones  tróficas  involucradas  que  estarían  regulando  sus  poblaciones, 
es necesario  tener conocimientos  sobre  los  factores  limitantes,  como son  las 
condiciones  climáticas  y  el  vínculo  con  la  planta  hospedera  (Herms,  2004; 
Atlihan & Chi,  2008; Atlihan & Güldal,  2009;  Barredo  et  al.,  2015).  En  el  caso 












pone  en  peligro  las  estrategias  de  gestión  integrada  de  plagas  actualmente 
implementadas  en  este  cultivo  y  resalta  la  importancia  de  desarrollar 












de  los  años  en  los  que  se  realizaron  los  muestreos,  causaron  una  brotación 




y  consecuentemente  también  la  dinámica  de  los  depredadores  asociados. 
Los  resultados  de  este  trabajo muestran  una  alta  relación  entre  los  estadios 
fenológicos de los clementinos con la evolución de la infestación de pulgones 
en parcelas de cítricos. Se observa que los estadios B2 de las plantas hospederas 






de mejor  calidad  o  a  otros hospederos  con brotes  de  calidad para  continuar 
su ciclo biológico. De esta forma, queda en evidencia que bajo las condiciones 
ambientales  de  la  cuenca mediterránea,  solamente  la  fenología  de  la  planta 
hospedera se comporta como factor  limitante de  importancia en la dinámica 






de  crecimiento)  parece  ser  un  factor  determinante  en  la  virulencia  de  las 
infestaciones de pulgones en clementino. Temperaturas más bajas durante las 
fases B3 y B4 prolongaron el tiempo de desarrollo de estas dos fases fenológicas 
lo  suficiente  como  para  que  tanto  A. gossypii como  A. spiraecola pudiesen 
completar más de una generación. 
  Además  de  la  dinámica  de  los  pulgones,  se  observa  que  la  especie 
dominante  actualmente  en  la  Comunidad  Valenciana  es  A. spiraecola  sobre 
A. gossypii. Esto podría  ser explicado por  la  saliva producida por esta especie 




















Coleoptera,  Neuroptera,  Dermaptera  y  Hemiptera.  El  orden  más  destacado 
es  Coleoptera,  con  10  especies  pertenecientes  a  la  familia  Coccinellidae  que 
han  sido  agrupados  en  dos  grupos  separados  de  acuerdo  con  su  tamaño  y 
comportamiento.  Los  micrococcinélidos  incluyen  especímenes  de  3  mm  o 
menos,  son  los  más  abundantes  y  en  general  presentan  mayor  estabilidad 
en  su demografía  tanto espacial  como  temporal.  En este grupo destacan dos 
especies  por  su  alta  abundancia:  Scymnus subvillosus  y  S. interruptus.  Dentro 
de  los  macrococcinélidos,  se  incluyen  especímenes  de  más  de  3  mm.  Aquí 
se  registraron  6  especies  diferentes,  siendo  P. quatuordecimpunctata la  más 
abundante en el presente trabajo.
  Si bien la dinámica poblacional de los diferentes grupos de depredadores 




no  presentaron  un  patrón  definido  de  dinámica  poblacional  en  los  sitios 
estudiados, por lo que, bajo una estrategia de control biológico se los considera 
poco  eficientes.  Esto no  significa  que  de manera  puntual  e  impredecible,  no 
puedan  ser  de  importancia.  A  diferencia  de  estos,  los  coccinélidos  fueron 
registrados en todas  las parcelas estudiadas, presentando un patrón definido 
según el grupo anteriormente descripto. Los micrococcinélidos en la mayoría 
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de  los  casos  registran  actividad  antes  de  la  aparición  de  las  poblaciones 
de  pulgones.  Por  el  contrario,  los  macrococcinélidos  aparecen  una  vez  ya 
las  poblaciones  de  pulgones  son  elevadas.  Esto  podría  estar  asociado  al 
comportamiento  de  oviposición  de  las  hembras,  quienes,  según  los modelos 
de  comportamiento  reproductivo,  producirán  más  huevos  según  su  tasa 
de  consumo de  alimento  (Kindlmann & Dixon,  1999; Hodek et  al.,  2012).  Por 







  De  esta  forma,  podemos  considerar  a  las  dos  especies  de  Scymnus 
registradas en este estudio como buenas depredadoras de pulgones, pues llegan 











5.1.3.  Influencia de la presa en el desarrollo de los depredadores
  La calidad y el tipo de presas que consumen los depredadores determinan 
cambios en los parámetros poblacionales (Kalushkov & Hodek, 2005; Keshavarz 
et  al.,  2015).  Para  desarrollar  estrategias  de  gestión  de  plagas  eficientes,  es 












  Al  analizar  cómo  se  ven  afectados  los  parámetros  de  desarrollo,  de 
supervivencia, reproductivos y de tabla de vida de las dos especies de coccinélidos 
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  No  se  observaron  diferencias  en  la  supervivencia  de  los  estadios 








beneficios  de  una  dieta  mixta,  aunque  también  se  observaron  altos  valores 
de fecundidad cuando se alimentaban con A. gossypii. Esto coincide con otros 










de  los mismos  (Nielsen  et  al.,  2002;  Schuldiner &  Coll,  2017).  Los  valores  de 



















A. gossypii  o  con A. spiraecola  como  especie  dominante  o  aquellos  con  ambas 

















plagas  del  cultivo,  hábitos  alimenticios  de  sus  depredadores  y  a  otros 
enemigos naturales. 
•  Los  resultados  de  este  trabajo  además,  enfatizan  en  la  importancia  de 
algunos  enemigos  naturales  tales  como  Pilophorus cf gallicus,  Scymnus 
subvillosus y Scymnus interruptus que tradicionalmente se les atribuía un 
papel secundario en la gestión integrada de plagas. 
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